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NATIONALADVISORYCOMMITTEE
!

FORAERONAUTICS

RESEARCHMW3RANDUM

FWJET INVESTIGATIONATHIGH-SUBSONIC,TRANSONIC,
.

ANDSUTTRSONICSPEEDSTO DETERMINEZERO-LJl?TIRA(2OF

BODIESOFREVOLUTIONHAVINGFINENESS

ANDVARYING20SITIONSOFMAXIMUM

RATIOOF 6.04

DIAMETER

ByEllisR.Katz

i3uMMARY

Flightinvestigationofrocket-gowered.modelswasperformedat
high-stisonic,trsnsonic,endsupersonicspeedsto determinethezero-
liftdragoffin-stabilizedbodiesofrevolutiondifferingonlyin
positionofmaximumUsmeter.Theparabolicbodieswereof
6.o4 finenessratioandhadcut-offsternswithequalbaseareaforall
models.Pressureanddragdataarereportedatmaximumdismeter
stationsof20,40,and60percentofthebodylengbh.

At supersonicspeedsthe63-percentstationresultedintheleast
drag,andtheoreticalestimationsat M = 1.4 indicatedthatthe
60-percentpositionmaybenearlyopthnnn.At transonicspeeds,equal
dragresultedatthe40-percentand60-~ercentstationsandat subsonic
speedsthepositionofmaximumdiameterhadno effect.

INTRODUCTION

Practicalflightattrensonicandsupersonicspeedshasdictated
thetendencytowardlargewingloadfngsforaircraftconfigurations.
In addition,theuseofthinnerandstrongerwingshasresultedin
accommodatinggreaterfuelandfixed-equipmsntloadswithinthefuselage
of theaircraft.Thesw oftheabovetwoeffectshasbeento increase
considerablythesizeofthefuselageofthehigh-speedairoraft
relativeto thesizeofthewing. Thus,itis clearthatthefuselage
dragof supersonicaircraft,whichisoftheorderof 30yercentofthe
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totaldragforpresenttrausonicconfigurations,isa maJorfactorto
be reckonedwithinthequestforhi@er speeds.b orderto
investigateandclarifythephenomcmaofthefuselagedraqrise
associatedwithtransonicandsupersonicspeeds,theNACAisconducting
a seriesofflightinvestigationsonbodies~frevolutiondifferingin
finenessratioandpositionofmaximumdiameter.Thetestsare
conductedbymeansofrocket-propelledmodelsatthePilotlessAircraft
ResearchStation,WallopsIsland,Va. Thepreliminary_investigation
ispresentedinthispaperandcomparesexperimentalm-dtheoretical
&ragresultsforfin-stabilizedbodiesof6.o4 finenessratiohaving
maximmn+.iameterstationsat20,40,

Thelkchnumberrangeof0.6 to
nwber rangeofIl.x 106to 52X 1.06

and60percentof‘thebodylength.

1.85 correspmdsto a Reynolds
be.sed,mbodylength.

MolIEIsANDTESTS

Thegeneralarrangementofthetestvehiclesis
anda photographofthetestconfigurationsisshown

showninfigure1
asfigure2: The

profi18sof-afithewooden,bodiesiredescribedbyparabol~carcs
generatedatthepositionsofmaximumdiuneter.Theequations
describingtheprofilesofthebodiesaregiveninfigure3. Xn aU
casesthefrontalarea(0.307sqft),basearea(0.0586sqft),and
length(3.77ft)remainconstant.

Allmodelswerestabilizedby three45°sweptback.finsof
1.69 squarefeettotalexposedarea.Theduralfinswereof
0.0278thiclmessratiointhe’streamtisedirectionandsolocatedthat
thetrailingedgeofthefinsalwaysintersectedthebodyat 9.47 per-
centofthebodylengthforwardofthemodelbase.

A two-stagepropulsionsystemwasemployedutilizinga shortened
3.25-inch-diameterMk.7aircraftrocketmotorasthesustainerunit
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anda 5-inchHVARmotorfortheboosterunit.Theboosterunitwas ..... _-.—
stabilizedby fourfinsandwasattachedtothesustainermotorby

—_____....
meansof a nozzleplugadapter. —. ...

Datawereobtainedby thestandarddragtechniqueas usedin
reference1. Thetechniqueutilizesa CWImpplerveloctieter,located “. .:
at thelaunchlngsite,forthepurposesofmeasuringthedeceleration

.—
...

of themodeldueto gravityanddrag.Thedataaremetisuredthroughout-” ‘“-”‘“““”~
thefirst10or X2 secondsof coasttngflight”(afterbuimoutofthe —
sustainerrocketmotor)duringwhichtheflightpathiS virtua~ a “-- ““- “ .- :

-,

straightlinefromthepointof launchtig.Atmosphericconditions.arej .“_”=~-
recordedbymeansofradlosondeobservations.A morecomplete .—
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w

—



NACARM L91?02 3

.
discussionofthemethodandoftheaccuracyofresultsobtainedby use
ofthistechniqueisfoundinreference1. Twomodelswereflownfor

● eachconfigurationinvestigated;however,onemodel
givesatisfactoryresultsandthedatawereomitted
piper.

RESU13SANDDI@2U’SSION

(10b)failedto
fromthepresent

,
In figurek me shownthecurvesof dragcoefficient,basedon

frontalarea,againstMachnumberforthethreetestedconfigurations.
Thesmalldegreeof scatterInthedataforidenticalmodelsofa
configurationisan indicationof thereliabilitythatmaybe placed
upontheresults.Thevariationof &ragcoefficientwithMachnumber
maybe consideredthroughthreerangesofvelocitycorrespondingto
theflowfieldaroundthebody: *hesubsonicrangewhichisterminated
atthebeginningoftheriseofdragcoefficient,thetransonicrange
overwhichthedragcoefficientrise Is marked,andthesupersonic ‘
rangewhichbeginsattheendoftheriseof dragcoefficient.The
Machnumberswhichmarkthetransitionbetweenthesyeedrangesfor
theexperimentalcurvesareonlyapproximateinasmuchas therearenot

. sharpdemarcationsbetwesnt~es offlows.

Thefollowingtableliststheapproximatee~ertientaltransition* Machnumbersforeachofthebodyshapesinvestigatedhereinandalso
comparesthetransonic-supersonictransitiontiththeshock-wave
attachmentMachnuibersforconesas givenby somee~erimentalresults
(reference2) andby theoreticalresultsfromreference3.

I TransitionMachnumber
Position ,
ofmaxhumlSubsonic-
diametertransonic Transonic-supersonic

K I I
(percent)Ex&m& ExperimentExperiment Theory

. (fig.4) (reference2) (reference3)

20 0.8 1.5 1.68 1.96
40 ■92 1.2 1.20 - 1.28
60 .94 1.1 1.09 1*15

Fromfigurek the60-percentstationappearsto
. regardszero-liftdragthroughtheMachnumberrange

Below M =.o.8 the positionofmaximumdiameterhad
d

be thebestas
of thesetests.
no effect.
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Formostofthetransonicrange(0=82< M.<1.02)~the@-Percent~d “’ ‘~.=
@-percentstationshadsignificantly less dragthanreynzl.tedfromthe “--
20-percentstationofma~um diameter.AboveM = 1.10 the60-percent ‘-”~ 1-
stationresultedinapproxhately15percentlessdrag-thandidthe
40-percentstationandapproximately50~emcentlessdragthandidthe

<—=-=r.—.-L,
20-percentstationofmaximumdiameter.Theforegoing-discussionholds

—

roughlytrueregardlessofwhetherdragcoefficientCD isbasedon
frontalarea,wettedsldnarea,or (vol)2/3.

.

.
BymeansofthemethodofVonK&&n andMoore(reference4),the .

pressuredistributionwascalculatedat M . 1.40 fortheconfiguratim
testedand,inaddition,foran80-percentpositionofmaximum
diameter%x. Thesedistributionsareshowninfigure5. The
calculationsweremadefor onlyonesupersonicMachnumberin consider-
ationofLaitone’swork(reference5) in whichthemethodwascon-
cludedtobemostaccuratenear M . ~ Aitiou@the-methodcannot
be rigidlyappliedto the20-percentmaximum~iameter~osition(dueto
thequestionablenatureoftheflowat M =3.4),pressuredistribution
oftheflowis includedforthep.mposeof indicatingthe’typeof

.—

variationthatmightbe expectedforextremeforwardpositionsof
——

maximumdiameter.As willbe seensubsequently,Inclutiionofpressure
distributionisfurtherjustifiedinviewof itsfavorableagreement
withexperiment.

●

Thetheoreticaldistributionsareshowntobe --.
basicallyoftwodistincttypesofvariationsdependinguponthe

.,..

positionof %x relativetothepositionofsynunatry.Theposition #
of symmetryisthatstationof %x forwhichthenoseandsternof
thebodyareofequalcurvature.

--
Forthetestbodiesofthispaper, - _

the57.1-percentstationistherelativepositionof symmtry.From
figure5, wherethemaximumdiameteriswellforwardofthesymnetry
position,thecharacteristicvariationisoneofa strongcom~ression
atthenosefollowedby a rapide~ansiontopeaksuctionatthe
maximumdiameterandthena gradualr~compressionto thestern.Where
themaximumdiameteriswellbehindthesymmetryposition,thecharac- .—
teristicvariationisoneofa relativelyweakcompressionatthenose
followedby a gradualexpansiontothemaximumdiameter,andthenby an -
extremelyrapidexpmsionto a verylargepeaksuction—ontheboattail.
Sincethemethodofpressuredistributionsis,howeve~;”baseduponthe
assumptionof smalldisturbances,it isdou~tfulwhetherpeaksuctions

.

oftheorderindicatedinfigure5(d)wouldbe correcttotithinthe _. .—

limitsofthetheory. ——

Thevariationoftotaldragwithpcsitionof %x hasbeen
calculatedat M = l.~ andis compared.withthee~erimental
variationinfigure6. Theeqerimental.variationwasbasedonthree
testpointsandwas,inpart,guided%y thecalculatedvariation.The ●

generalagreementbetweencalculatedvariationandthe-testpoints - , _,
7

~m

...—
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appearstobe reasonablygood.Thepressuredragcoefficienthasbeen
computedfromthedistributionsshowninfigure5. Thefrictiondrag
coefficientwasassumedtobe0.00,27basedonwettedsurfacearea
throughoutandvariesonlywiththewettedareaofthebodies
considered.Thebasedraghasbeenestimatedfrmaanunpublished
smmaryofbasepressuredataandisassmnedto be independentofbody
shape.Thedragofthefinshas’beencalculatedfromreference6 using
theappro~te flowconditionsat theleadingedgesofthefinsand
assuminga turbulentboundarylayeracrossthefins. AU ofthe
aforementionedcontributionsresultin greatertotaldragcoefficients
overtherangetestedthandidtheexperimentalresults.Theabsolute
discrepancybetweentheexperimentalandcalculatedvaluesismuch
greaterfortherearwardpositionsof %x.

No attempthasbeenmadeto aUow fortheinterferenceeffects
betweenbodyandfin. However,a prelhinaryanalysisindicatedthat,
forrearwardpositionsofmaximumdiameter,thereexistsa favorable
effectofthefinsonthebodyanda smallunfavorableqffectofthe
bodyonthefins. Theseeffectshavebeenconcludedfroma simple
superimposingof thefinpressureson thebodysurfaceandthebody
pressuresonthefinsurface.In addition,theactualviscouseffects
wouldprobablytendto decreasethecalculateddragmostforthebodies

. withrearwardpositionsof h.

Thecorrelationoftheexperimentaldatawiththecalculated.l variationof dragindicatesthatat M = 1.11-oallocationof the
maximumdiameteratthe60-percentstationmaybeneartheoptimum
positionforleastdrag.Furtherteststo locatemorepreciselythe
positionofmaximumdiameterforminimumdragappearwarranted.

CONCLUSIONS

Flighttestswereperformed.todeterminethezero-liftdragof
fin-stabilizedbodiesofrevolutiondifferingonlyin~ositionof
maximumdiameterandhavinga finenessratioof 6.o4.Withinthe
limitsoftheteststhefollowingeffectswerenoted:

1.At supersonicspeeds,the60-percentpositionwasthemost
favorablelocationtested.Theoreticalestimationsat M = 1.4
indicatedthatthe60-percentstationmaybe neartheoptimumposition
forleastdrag.Furtherteststo corroboratethetheoryappear
warranted.‘

2.At transonicspeeds,the&O-percentand60-percentpositions .
provedtobe equallyfavorablelocationsofmaximumdiameter.
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3. At subsonicspeeds,
effect.
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thepositionofmaximumdiameterhadno
—

t.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyJkLrForqeBase,Va.
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Figure1.-Generelviewoftestconfigurations.Totalexyosed
finarea= 243sq,uereinches.
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x
Figure2.-Testconfiguratio~havingmaximmdlemeterslooatedat20,

40,and&lpercentofbodylengthfra nose. -
~L
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(a)Mxd3mnndi%meterat20-percentstation.

Figure5.-Theoreticalpressuredistributionat zeroliftand M = 1.40.
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(c)Maxilmm.diameterat 60-~rcentstation.

Figure5.- Continued.
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(d)Maximumdismeterat80-&rcent

Figure5.-Conoluded.

station.
.

.



PoJ7%7# CM-’Zwt-A77um d!%’&e.zfi7-, A-2 /A?rPe&ti
.

Figure6.-~sriatlonofdrag’ccmffioient CD ulth positionof maximum Um@er. M = l.ho.
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